A virtual Cell Model of Signaling to the Actin Cytoskeleton in Dendritic Spines  by Michalski, Paul J. & Loew, Leslie M.
96a Sunday, March 6, 2011the PV-FANs to achieve repetitive action potential (AP) firing in excitable
membrane under cw light excitation is analyzed theoretically. The membrane
is modeled using (a) the generic Hodgkin-Huxley description and (b) the Fohl-
meister-Miller description of the retinal ganglion cells. We find that repetitive
AP firing can be induced if the following two basic features are incorporated
into the PV-FANs design. The first is the exponential dependence of the excited
state decay rate (kd) of the PV-FANs on the membrane potential. The second
and most notable necessary feature is that a PV-FAN must involve a three-state
system designed such that the decay from its excited state to the ground state is
via an intermediate state whose lifetime (gestation time (tg)) is comparable to
the absolute refractory time following an AP firing. The capability of PV-
FANs to fire repetitive APs could lead to many paradigm-shifting applications
including their potential usage as therapeutic agents for partially restoring
vision lost to retinal degeneration. Such PV-FANs can be synthesized using
appropriate organic and inorganic material building blocks and this analysis
provides guidance and incentive for realizing these.
[1] Lu S, Madhukar A (2010) Cellular Prostheses: Functional Abiotic Nanosys-
tems to Probe, Manipulate, and Endow Function in Live Cells. Nanomed. NBM.
6:409–418.
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The Effects of Static Magnetic Fields on Neurons in Rat Explants and
Primary Culture
Samane Hadian Ghazvini.
In contrast to electric fields unique properties of magnetic fields, especially in
penetrating cells and tissue with minimum mortality (decreasing) make them
attractive for therapeutic and diagnostic purposes. Although there is not enough
information supporting how and where SMF exerts its effects, especially in the
weak (< 1 mT) and moderate (1-1000 mT) intensity range, its effect on gene
expression, cell orientation and cell migration was reported. Therefore more in-
vestigations for better understanding are needed. In this study effect of SMF (<
100 mT) on neurons in spinal cord explant cultures and primary cultures was
monitored morphologically and images analyzed with Axiovision software.
Based on our results neurons migrated along magnetic field gradient and their
neuritis showed perpendicular orientation with respect to magnetic field direc-
tion. After turning the magnetic field direction by 90 degrees, neuritis tends to
change their orientation to maintain the perpendicular orientation. Based on cy-
toskeleton roles in cell motility and neurit orientation future analysis on cell
distribution of cytoskeleton components could help to determine details of
magnetic fields effects on cell morphology in vitro.
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In contrast to electric fields unique properties of magnetic fields, especially in
penetrating cells and tissue with minimum mortality (decreasing) make them
attractive for therapeutic and diagnostic purposes. Although there is not enough
information supporting how and where SMF exerts its effects, especially in the
weak (< 1 mT) and moderate (1-1000 mT) intensity range, its effect on gene
expression, cell orientation and cell migration was reported. Therefore more in-
vestigations for better understanding are needed. In this study effect of SMF (<
100 mT) on neurons in spinal cord primary cultures and explants cultures was
monitored morphologically and images analyzed with Axiovision software.
Based on our results neurons migrated along magnetic field gradient and their
neuritis showed perpendicular orientation with respect to magnetic field direc-
tion. After turning the magnetic field direction by 90 degrees, neuritis tends to
change their orientation to maintain the perpendicular orientation. Based on cy-
toskeleton roles in cell motility and neurit orientation future analysis on cell
distribution of cytoskeleton components could help to determine details of
magnetic fields effects on cell morphology in vitro.
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Two Photon Excitation Imaging of Membrane Potential in Dendritic
Spines Using Fluorinated Voltage-Sensitive Dyes
Corey D. Acker, Ping Yan, Leslie M. Loew.
Optical membrane potential recording has the potential to be an important ex-
perimental tool to better understand neuronal function during processes such as
dendritic integration and synaptic plasticity, which take place in dendritic pro-
cesses or spines. However, optical recording of membrane potential fluctua-
tions, which can last less than a millisecond and involve structures less than
a micron in diameter, remains challenging. Here we report improved perfor-
mance of voltage-sensitive dyes for two-photon excitation imaging of intracel-
lularly-loaded neurons in acute brain slices. For high quality optical recordings
of membrane potential it is necessary to generate enough fluorescence in the
short time frame allowed for fast imaging. For this reason, we have synthesizedseveral fluorinated dyes in order to improve the photobleaching properties of
the dyes, which ultimately allows one to generate stronger fluorescence signals.
Additionally, the sensitivity of the dyes to changes in membrane potential,
measured as the relative change in fluorescence, ?F/F per 100 mV change
in membrane potential, is > 10 % for these dyes. Since sub-millisecond
response times are crucial for recording rapid membrane potential fluctuations
such as dendritic, or backpropagating action potentials, we confirm the
suitability of the newly developed dyes to this task by rapid laser scanning
(0.5 ms/line = 2 kHz). Additionally, we have implemented custom instrumen-
tation software to allow integrated non-scanned, "spot" recordings, to achieve
10 kHz recording rates.
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A virtual Cell Model of Signaling to the Actin Cytoskeleton in Dendritic
Spines
Paul J. Michalski, Leslie M. Loew.
Dendritic spines are small protrusions from neuronal dendrites that form the
post-synaptic side of most excitatory synapses in the central nervous system.
The response of dendritic spines to pre-synaptic signals can be modulated by
certain stimuli such that subsequent stimuli evoke stronger or weaker responses
from the spine, and these changes are implicated in learning and memory.
Increased sensitivity results in a state of long-term potentiation (LTP) and is
characterized by increased spine size and increased AMPA receptor (AMPAR)
content of the post-synaptic density (PSD). Decreased sensitivity results in
a state of long-term depression (LTD) and is characterized by decreased spine
size and reduced AMPAR content in the PSD. LTP and LTD are both induced
by calcium signaling, with large, high frequency signals leading to LTP and
smaller, low frequency signals leading to LTD. The complex signaling net-
works that differentiate between these signals are poorly understood. Here
we present a model that links upstream calcium signaling to changes in the sur-
face receptor composition and the actin cytoskeleton of dendritic spines. The
model includes signaling through the CaMKII, PKA, and PKC pathways,
and incorporates a previous model of actin dynamics that includes the effects
of the majority of relevant actin binding proteins. The model is implemented
in an idealized geometry using the Virtual Cell software package, and includes
the effects of diffusion and membrane localization. We explore the system
response as a function of the amplitude and frequency of stimulation, and we
investigate the effect of CaMKII recruitment and localization to the PSD.
The model parameters are varied to compare its predictions with the results
of several mutations and to suggest future experiments. (Supported by NIH
grant P41 RR013186).
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A computerModel Study of Tonic Spiking and Bursting in Thalamic Relay
Neurons
Jun Xu.
Thalamic relay neurons process visual signals from retina on the way to cortex,
and seem to encode the information in dual modes: tonic spiking and bursting.
The mode of firing depends critically on the history of membrane potential. For
example, when the membrane rests at levels close to the firing threshold, relay
neurons generate tonic spikes, but when the membrane is sufficiently hyperpo-
larized by IPSCs, they produce bursts. Therefore, it seems that the visual signal
from retina to cortex is not only transferred but also transformed by thalamus.
Studies have shown that the bursting mode can be attributed to the low-thresh-
old T-type Ca2þ ion channels that are highly expressed in these neurons. We
have developed a detailed model neuron, based on anatomically realistic
models of Thalamic relay neurons, to examine the ionic mechanisms that are
responsible for the dual mode firings both at the ion channel level and cellular
level. Consistent with experimental data, we show that (1) when the membrane
potential is close to the resting membrane potential, the model neuron fires
tonic spikes; (2) when sufficiently hyperpolarized for about 100ms, the model
neuron is able to fire bursts due to the deinactivation of T-type calcium chan-
nels that contribute the majority of the inter-burst current via slow deactivation.
In addition, we investigate the effects of epilepsy-linked mutations in the neu-
ronal Naþ channel and T-type Ca2þ channel on the dual mode of firing using
experimentally based gating models. Our results demonstrate that sodium
and T-type calcium channel mutations promote and accelerate tonic and burst
firing.
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Modeling of Spike Timing-Dependent Plasticity in the Presence of Com-
plex Spike Protocols
Kristofor Carlson, Nicholas J. Giordano.
Spike timing-dependent plasticity (STDP) is a process in which changes in syn-
aptic strength are determined by the relative timing of pre- and post-synaptic
activity. STDP can result in either long term potentiation (LTP) or long term
